(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



illlllll 

(11) EP 1 202 337 A3 
EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) lntCI.7: H01L 21/66 




18.09.2002 Bulletin 2002/38 


(43) 


Date of publication A2: 






02.05.2002 Bulletin 2002/18 




(21) 


Application number: 01125135.2 




(22) 


Date of filing: 23.10.2001 




(84) 


Designated Contracting States: 


(72) Inventor: Mikami, Kazunarl, 




AT BE CH CY OE DK ES Fl FR GB GR IE IT Li LU 


c/o NEC Yamaguctii, Ltd. 




MC NL PT SE TR 


Asa-gun, Y^maguchi (JP) 




Designated Extension States: 






AL LT LV IMK RO SI 


(74) Representative: Glaiwe. Deifs. Moll 






Patentanwilte 


(30) 


Priority: 24.10.2000 JP 2000324031 


Postfach 26 01 62 






80058 MOnchen (DE) 


(71) 


Applicant: NEC CORPORATION 




Toltyo (JP) 





CO 

< 

CO 
CM 

o 

CM 



0. 



(54) Probe pin for a probe card 

(57) A probe card includes a card plate (14) and a 
plurality of probe pins (1 6) fixed onto the card plate (14). 
Each of the probe pins (16) has a metallic body (32) 
made of rhenium-containing tungsten, and a nickel film 
(34) and a rhodium film (36) consecutively formed on 
the metallic body (32) by a plating technique using a liq- 
uid flow of a plating liquid. 
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I ELECTRICAT. TEST PRORF.S AND METHODS OF MAKING THE SAMP. 
2 

3 BACKGROUND 

4 Technical Field 

5 The present disclosure is directed to a test i»obe plunger, a test probe including 

6 the plunger and methods of making the same and, in particular, to a test probe plunger 

7 having an outer layer of a palladium-cobalt alloy. 
8 

9 Related Cases 

10 Priority for this application is hereby claimed under 35 U.S.C. § 1 19(e) to 

1 1 commonly owned and co-pending U.S. Provisional Patent ApplicationNo. 60/324,252 

12 which was filed on September 24, 2001, and which is incorporated by reference herein 

13 in its entirety. 
14 

15 Related Art 

16 The technology related to testprobes for integrated circuits is highly complex, 

17 involving the careful balancing of many considerations including resistance 

1 8 requirements, hardness requirements, as well as structural limitations. Generally, such 

19 test probes are formed from a relatively hard base material such as steel which is 

20 oveiplated with a very low resistance and highly conductive metal. 

21 One problem associated with testing ICs is the formation of an oxide on the 

22 exterior surface of the probe plunger. Such surfece oxides may mfluence the contact 

23 resistance of the test probe, which then may influence the test characteristios of the IC 

24 which is being tested. For example, surface oxides may interfere with fee function of 

25 the probe such that the overall contact resistance may be high, which will 

26 detrimentally affect the measured characteristics of the IC. Therefore, it is desirable 

27 to coat test probes with metals that do not oxidize or oxidize only minimally when 

28 exposed to ambient conditions in order to minimize or eliminate the effects of such 

29 surface oxides. 
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1 Gold, silver, platinum, palladium, iridium, rhenium, mercury, ruthenium, and 

2 osmium are sometimes referred to as ''noble metals" because they are generally less 

3 reactivethanothermetalSjOrnori-reactive, when exposed to ambient conditions. In 

4 addition, the so-called noble metals generally have highly desirable physical and 

5 electrical properties, such as low contact resi stance, and they generally maintain their 

6 color, luster, and aesthetic properties. For the foregoing reasons, noble metals are 

7 generally used to coat test probes. 

8 With the exception of gold, all metals react with oxygen in the air to form 

9 oxides (including the other noble metals, albeit to a lesser degree). The surface 

10 oxides foiihed by metals have varying degrees of conductivity, thickness, and 

1 1 hardness. Thus, gold has gradually become the industry standard for coating test 

12 probes and for forming electrical interconnects for ICs due to its non-reactivity and 

1 3 because it does not form an oxide. When gold is used to plate probe plungers, a very 

14 small amount of another metal such as cobalt, nickel or iron may be co-deposited 

1 5 (typically as a cyanide-metal complex) along with the gold in order to increase the 

16 lubricity and hardness of the deposit, and reduce the co-efficient of fiiction of the 

1 7 deposit. Plated gold deposits that include such co-deposits are known as "hard" gold. 

18 The QO-deposits are generally present in concentrations of less than 1%, typically 

19 about 0.2-0.3%, 

20 Another probl^ associated with testing ICs is the formation of oxide on 

21 solder. In general, when a test probe is used to test an integrated circuit, the probe 

22 plunger comes into contact with the solder-plated surface of an IC lead or a solder 

23 ball. The surface of the solder generally has an oxide skin covering the pure soft 

24 solder, which may be problematic because the solder oxides are harder and much less 

25 conductive than pure solder. When the probe plunger touches the surface of the 

26 soider, the tip first must push through the surface oxide to make contact with the pure 

27 solder underneath. In'order to facilitatepuncturing the surface oxide on the solder ball 

28 or the solder, test probes generally have spring-iype plungers which exert a high 

29 normal force, enabling the tip to puncture the surface. The spring inside the test probe 
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1 allows the testing device to move the probe a predetennined distance, which produces 

2 a specific normal force. Once the probe is released, a small amount of the solder and 

3 its oxides geno^ly remains attached to the plunger tip. 

4 The soldo: that remans attached to the plunger tip is problematic because it 

5 may metallurgically react with the surface metal of fhe plunger. The exact reactions 

6 between the solder and the metal on the surface of the plunger will depend on the 

7 characteristics of the sur£u;e material, as well as the ambient tonperatures and 

8 pressures. '• 

9 In addition, the tin in the solder may diffuse into the plated coating on the test 

10 probes and form inter-metallic compounds. If the solder successfully reacts with the 

1 1 plated coating, it will form a strong bond of attachment. 

12 - In the case ofa gold plated plunger, the solder is usually successfiil in forming 

13 a strong bond, even at normal room temperatures and relatively low pressures of the 

14 test probe spring forces. Additional cycles ofthe test probe will pull off additional 

15 small pieces of solder and, if the surface of the plunger is already covered with 

1 6 strongly attached residtie &om previous solder touches, the additional small pieces of 

1 7 solder easily will stick to the suiface. Over time, the buildup of the solder and inter- 

18 metallics on the probe plunger will increase the resistance of the probe plunger, 

1 9 eventually causing high enough resistance values that the probe must be replaced and 

20 discarded. 

2 1 There have been many attempts made in the industry to solve the problem of 

22 solder build-up on probe plungers. One attempt involved mechanically scrubbing off 

23 the solder buildup after a given number of test cycles, typically using a brush, and 

24 then if possible, continuing to use the test probe for additional cycles. However, 

25 mechanical scrubbing is disadvantageous because the probe plunger may be damaged. 

26 Another attempt to remove solder-build-up involved chemically cleaning the probe 

27 plungers, which is disadvantageous because the chemicals may leave undesirable 

28 residues. In either case, all of the solder could not be removed. Thus, tin would 

29 remain on the surface of the plunger and would eventually diffuse into the gold to 
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1 forai gold-tin inter-metallics. Gold-tin inter ntetallics generally have higher resistance 

2 values than the original gold layer on the exterior of the probe plunger. And again, 

3 over time, the probe plunger would acquire a mechanical buildup of solder and an 

4 increasingly thipk surface inter-metallic coating on top of the gold plating. The gold 

5 plated layer of the test probe would be buried underneath and become ineffective or 

6 less effective than the original gold plated layer. These problems are particularly 

7 pronounced in gold plated plungers because there is a high degree of attraction 

8 between the gold and the tin. 

9 Other attempts made in the industry to overcome the problem of solder 

1 0 adhesion to the test probe have involved changing the structure of the probe plunger 

11 to minimize the contact area between the probe plimger and the solder. 

12 Another attempt involved coating test probes with a coating that includes 

13 PTFE. 

14 There remains a need in the art for an improved test probe for integrated 

1 5 circuits that has reduced affinity between the plated metal outer layer on the exterior 

16 of the probe plunger and the tin solder on the leads of the integrated circuits and that 

1 7 have low resistance values compatible with present testing equipment. 
18 

19 SUMMARY 

20 The present disclosure is directed to a test probe plunger (hereinafter "probe 

21 plunger" or "plimger") that forms part of a test probe for testing ICs. The probe 

22 plunger is plated with an outer layer of material that has a reduced afBnity for solder 

23 and which does not easily form inter-metallics with the solder. The preferred material 

24 from which the outer layer may be formed is selected to have, among other things, a 

25 relatively low co-efficient of friction, good ductility, relatively small grain size, and 

26 low contact resistance, all of which may combine to provide, among other things, 

27 reduced affinity for solder. Preferred embodimraits of the probe plunger combine all 

28 of the preferred characteristics. 
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1 In one embodiment, the disclosure is directed to a probe plunger. The probe 

2 plunger includes a base having an exterior surface and a barrier layer overlaying and 

3 in direct contact with the exterior surface of the base. A palladium-cobalt alloy outer 

4 layer overlays and is in direct contact with the exterior surf»;e of the bairior layer. 

5 In another embodiment, the probe plunger includes a substantially cylindrical 

6 base having an exterior sur£ace and a barrier layer overlaying and in direct contact 

7 with the exterior surface of the base. A palladium-cobalt alloy outer layer overlays 

8 and is in direct contact with the exterior surface of the barrio layer. The outer layer 

9 includes at least one region of an oxide of cobalt. 

10 In yet another embodiment, the probe plunger includes a substantially 

1 1 cylindrical base having an exterior surface and a barrier layer overlaying an in direct 

12 contact with the exterior surface of the base. An outer layer overlays and is in direct 

1 3 contact with che exterior surface of the barrier layer. Preferably, the outer layer is an 

14 alloy of a first metal and a secisnd metal. The first metal may be selected fi^m the 

15 group consisting of palladium, platinum, rhodium, silver, nickel, and combinations 

16 and alloys thereof. The second metal may be selected from the group consisting of 

1 7 cobalt, nickel, phosphorus, and combinations and alloys thereof 

18 The present disclosure is also directed to methods of making and using the 

1 9 foregoing probe plxmgers, which may involve thermally treating any of the foregoing 

20 probe plungers for a selected period of time at a selected temperature in an oxygen 

2 1 containing environment to cause the formation of at least one region of a self-limiting 

22 oxide in the outer layer or on the outer layer. 

23 The foregoing and other objects, features and advantages of the disclosure will 

24 be apparent from the following more particular description of preferred embodiments 

25 of the disclosure, as illustrated in the accompanying drawings in which like reference 

26 characters refer to the same parts throughout the different views. The drawings are 

27 not necessarily to scale, emphasis instead beingplaceduponillustratingtheprinciples 

28 of the disclosure. The principles and features of this disclosure may be employed in 
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1 varied and numerous embodiments without departing from the scope of the disclosure. 
2 

3 BRIEF DESCRIPTION OF THE DRAWINGS 

4 In the drawings: 

5 FIG. 1 is a side view of an exemplary test probe according to the present 

6 disclosure; 

7 FIG. 2 is a partial cross-sectional view of the probe plunger of the test probe 

8 shown in FIG.l; 

9 FIG. 3 is an expanded partial cross-sectional view of the probe plunger shown 

10 in FIG. 2; and 

11 FIG. 4 is a partial cross- sectional view of a portion of the probe plunger 

12 shown in FIG. 3 after thermal tieatment; and 

13 FIG. 5 is comparative graph showing the effect of ttiermal treatment on the 

14 low level contact resistance of various coatings. 
15 

J6 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ' 

1 7 The present disclosure is directed to a test probe plunger having an outer layer 

18 of a metal alloy, at least one of which preferably may be a "noble" metal. Probe 

1 9 plungers having an outer layer in accordance with the present disclosure may have a 

20 reduced affinity for tin solder in comparison to conventional "hard" gold plated probe 

2 1 plungers. The reduced afSnity of the outer layer for the tin solder allows the tin solder 

22 to more easily slide off the exterior surfece of the probe plunger. Thus, the buildup 

23 of tin solder on the end of the present probe plungers is reduced in comparison to a 

24 probe plunger having a gold exterior surface. In addition, the outer layer of the 

25 present plungers does not easily form inter-metallics with the tin solder, and it 

26 sufBciently hard to break through the surface of the tin oxide which is typically 

27 formed on the exterior sm-face of the tin solder. In a preferred embodiment, the outer 

28 layer is a palladiimi-cobalt alloy (hereinafter PdCo alloy). 
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1 As stated above, the effect of the outer layer of the present probe plungers is 

2 to repel and/or minimize the adhesion or affinity of the tin solder to the exterior 

3 sturface of the probe plunger, thereby minimizing the build-up of tin solder on the 

4 probe plunger during testing. Probe plungers having an outer layer in accordance with 

5 the present disclosure may, in some instances, have a slightly higher resistance than 

6 those plated with, for example, successive layers of electroless nickel (EN) and gold. 

7 However, it has been found that in certain situations, the advantages of reduced solder 

8 build-up on the probe plunger outweigh the relatively higher resistance that may be 

9 found in the present probe plunger. For example, reduced solder build-up may 

1 0 mmhnize and in some instances eliminate the need for mechanical and/or chemical 

11 cleaning ofprobe plungers during testing. 

12 In other embodiments, the disclosure is directed to a test probe plunger having 

13 an outer layer of a metal alloy ih Which regions of a self-limiting oxide are formed in 

14 or on the outer layer. The presence of the self-limiting oxide may in some instances 

1 5 result in slightly higher resistance values than without the self-limiting oxide, but as 

16 in the previous embodiment, it also may further increase the rq)ulsion of solder from 

1 7 the surface of the probe plunger and may increase tlie resistance of the outer layer to 

1 8 the diffusion of solder. Thus, the longevity of the probe plunger may be increased and 

19 the contact resistance characteristics may be more stable over time. 

20 FIG. 1 illustrates an exemplary test probe 10 according to the present 

21 disclosure. As shown, test probe 10 includes a substantially cylindrical body 12 

22 including substantially identical probe plungers 14a,b positioned at opposite raids of 

23 body 1 2, each including probe tips 1 Sa,b, respectively. 

24 As shown in FIGS. 2 and 3 when taken together, probe plungers 14a,b include 

25 a base 16, a layer of a barrier material 18 overlaying and in direct contact with the 

26 base 1 6, and an outer layer 20 overlaying and in direct contact with the hairier layer 

27 18. Outer layer 20 has an exterior surface 22; Those of ordinary skill in the art will 

28 recognize that the present disclosure is not hmited to the shape and configuration of 
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1 the test probe illustrated herein, which is exemplary, and that test probes having other 

2 shapes and configurations are meant to be included. 

,3 According to any of the embodiments disclosed herein, the material from 

4 which base 1 6 may be formed may be selected based on a variety of factors including 

5 hardness, machinability, resistance to conosion, and the like. The selection of suitable 

6 characteristics for the base material would be understood by those of ordinary skill in 

7 the art. In preferred embodiments, the material from which the base may be formed 

8 includes beiylliumTCopper, or "tool" or machinable steel (carbon-based), both of 

9 which are widely used in the industry. 

1 0 Preferably, barrier layer 1 8 may be formed from a material that will prevent 

1 1 diffusion of base 1 6 into outer layer 20, and also prevent formation of inter-metalhcs 

12 betwe^ outer layer 20 layer and base 16. Barrier layer 18 may be formed from a 

13 variety ofmaterials that are known to those ofskill in the art including, but not limited 

14 to, nickel, electroless nickel, cobalt, palladium, platinum, titanium/tungsten, 

15 molybdenum, and the like, including combinations thereof, and alloys thereof. The 

1 6 selection of material for barrier layer 1 8 will be based on many considerations known 

17 to those of skill in the an. In the present mibodiment, barrier layer 18 is preferably 

1 8 electroless nickel, which is an alloy of phosphorus and nickel typically having a nickel 

1 9 concentration ranging from about 88 percent to about 98 percent. 

20 Barrier layer 1 8 preferably may have a thickness ranging from about 50 micro- 

21 inches to about 400 micro-inches, more preferably from about 75 micro-inches to 

22 about 300 micro-inches, and more preferably still from about 75 micro-inches to about 

23 150 micro-inches. Also in the present embodiment, barrier layer 1 8 preferably may 

24 have a contact resistance of less than about 110 milli-ohms, more preferably from less 

25 than about 40 milli-ohms, and more preferiably still less than about 10 milli-ohms, as 

26 measured in accordance with ASTM #B667-97. 

27 Outer layer 20 preferably may be an alloy or a mixture of least two metals, one 

28 of which is a preferably a "noble" metal. The relative percentages of metals contained 

29 in the alloy will depend on the desired characteristics of the dq)osited alloy, as 



SDOCID; <W0 ^03027e99A1_L> 



wo 03/027689 . PCTAJS02/30237 

9 



1 described below in greater detail. Therefore, any ratio of metals may be used, so long 

2 as it provides the desired characteristics. In preferred embodiments, outer layer 20 

3 preferably may be an mixture contuning from about 25 percent of a first metal and 

4 about 75 percent of a second metal, up to about 95 percent of the first metal and 5 

5 about percent of the second metal, by weight. 

6 Preferably, outer layer 20 may be formed from a material that is non-reactive 

7 under ambient and typical test conditions. 

8 Outer layer 20 preferably may have a thickness ranging from about 5 micro- 

9 inches to about 100 micro-inches, more preferably from about 10 micro-inches to 

1 0 about 5 0 micro-inches, and more preferably still from about 20 micro-inches to about 

11 30 micro-inches. 

12 It is desirable that outeir layer 20 have a relatively low co-efficient of fiiction, 

1 3 which may make the probe plunger motion smoother and allow foreign matter, such 

14 as tin solder, to slide along thei exterior surface of the plunger without sticking. 

1 5 Also preferably outer layer 20 has a ductility (measured as percent elongation) 

16 of at least about 3 percent, more preferably at least about 5 percent, and more 

17 preferably still greater than about 7 percent. In general, the greater the ductility of 

1 8 outer layer 20, the less likely it is to crack under mechanical stress. 

19 In some embodiments, it may be preferred to form outer layer 20 from a 

20 material having a relatively small grain size, which may minimize the formation of 

2 1 inter-metallics. Grain size preferably may be less than about 200 Angstroms, more 

22 preferably less than about 1 00 Angstroms, and more preferably still less than about 

23 50 Angstroms. 

24 Outer layer 20 is preferably formed from a material alloy that resists diffusion 

25 between the layers when subjected to the temperatures used during testing and/or 

26 bum-in for extended periods of time. Generally, the higher the difference between the 

27 melting point of the outer layer and the maximum temperature used during processing 

28 and testing, the less diffusion between layers will take place. 
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1 Outer layer 20 also preferably may have a contact resistance of less than about 

2 200 milli-ohms, more preferably less than about 50 milli-ohms, and most preferably 

3 less than about 10 milli-ohms, as measured in accordance with ASTM #B667-97. 

4 Table # 1 below summarizes the preferred characteristics of suitable materials 

5 from which outer layer 20 may be formed. Those of skill in the art will recognize that 

6 the most preferred matoials for outer layer 20 will possess all of the preferred 

7 characteristics, in the most preferred ranges. 



8 

9 TABLE # 1 



10 


Material 


Range 


Preferred Range 


Most 


11 


Characteristic 






Preferred 


12 


Contact 


< 200 milli-ohms 


<: 100 milli-ohms 


< 10 milli-ohms 


13 


Resistance 








14 


Hardness 


> 200 Knoop 


>300 Knopp 


> 400 JCnoop 


15 


Coefficient of 








16 


Friction 


<0.60 


<0.55 


<0.50 


17 


Grain size 


< 200 Angstroms 


< 100 Angstroms 


< 50 Angstroms 


18 


DuctiUty 








19 


(% elongation) 


>3% 


>5% 


>7% 



20 



21 It also may be preferable to form outer layer 20 from a material having 

22 relatively low porosity, which minimizes or prevents corrosive materials from 

23 penetrating through outer layer 20 and barrier layer 1 8 to thereby damage the base. 

24 Suitable metals for use in outer layer 20 include palladium, platinum, rhodium, 

25 silver, nickel, cobalt, nickel, phosphorus, and combinations and alloys thereof. 

26 In preferred embodiments, the first metal may be selected from palladium, 

27 platinum, rhodium, silver, nickel, combinations and alloys thereof; and the second 

28 metal may be selected from cobalt, nickel, phosphorus, and combinations thereof. 

29 Preferred alloys for outer layer 20 include PdCo, PdNi, and electroless fiickel. 
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1 In a preferred embodiment, outer layer 20 is a PdCo alloy containing from 

2 about 25 percent palladium and 75 percent cobalt, to about 95 percent palladium and 

3 5 about poxjent cobalt, by weight, and having a thickness of less than about 50 micro- 

4 inches and a contact resistance of less than about 40 milli-ohms. 

5 In a particularly preferred onbodiment, outer layer 20 is a PdCo alloy 

6 containing about 75 percent palladium and about 25 percent cobalt, by weight, and 

7 having a thickness ranging from aboat 20 to 30 micro-inches and a contact resistance 

8 of less than about 10 milli-ohms. 

9 Thus, one aspect of the disclosure is directed to a probe plunger that includes 

1 0 an outer layer comprising a metal alloy. 

1 1 Another embodiment of the disclosure is a method of coating probes piimgers 

12 14a,b. The method involves piatmg successive layers of selected metals or metal 

1 3 alloys onto a suitable base 1 6. According to the method, a suitable base 16 may be 

1 4 selected and, if desired or needed, the base may be prepared to receive the plated 

15 barrier layer. Such preparation techniques may include, for example, etching, 

1 6 cleaning, de-greasing, strike-plating, and any combination of the foregoing, which are 

1 7 techniques that would be know to Ihose of ordinary skill in the art. Barrier layer 1 8 

18 and outer layer 20 then may be plated onto base 16 also using techniques know to 

19 those of ordinary skill in the art. Also according to the method, the surface of the 

20 plated barrier layer 1 8 maybe prepared to receive plated outer layer 20, again by using 

21 any of the foregoing techniques. In some embodiments, the method may involve 

22 further processing, as will be described in greater detail below. All of the foregoing 

23 plating techniques would be know to those of ordinary skill in the art. 

24 Those of skill in the art will recognize that the selection of the relative 

25 percentages of metals in the alloy used to plate is determined, in part, by the desired 

26 final composition of the plated alloy, the composition of which may vary in 

27 comparison to the percentages of the alloys contained in the plating bath. 

28 Thus, another aspect of the disclosure is directed to a method of coating a 

29 probe plunger with a metal alloy. 
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1 FIG. 4 illustrates another embodiment of a probe plunger 1 1 4a,b. As shown, 

2 probe plunger 1 14a,b has substantially the same structure as ^t of probe plunger 

3 14a,b. Outer layer 120 of probe plunger 1 14a,b additionally includes at least one 

4 region 1 24 of a self-limiting oxide. The exact mechanism of oxide formation is not 

5 known. Thus, for example, the self-limiting oxide may grow in regions and comprise 

6 only a portion of the total area of ncterior surface 122, as shown in FIG. 4, or it may 

7 grow as a layer covering the total area of exterior surface 1 22. For ease of illustration 

8 in the present embodiment, the self-limiting oxide has been represented by regions 

9 124, even though the exact mechanism of oxide growth may not conform to such a 

10 model, Thus, the at least one region 124 may be a layer, which may be a continuous 

1 1 layer, and the layer may be formed in or overlay outer layer 120 such that outer layer 

12 120 is enclosed in the self-limiting oxide, provided that the self-limiting oxide has a 

13 thickness less than outer layer 120. 

14 In the present embodiment, outer layer 120preferablymaybeformed£ix>mthe 

15 same mat^als as described in the previous embodiment, provided that one of the 

1 6 metals may be capable of forming a self-limiting oxide of less than the total thickness 

17 ofthe outer layer 120 when subjected to thermal treatment, as described below. "Self- 

1 8 limiting oxide," as used herein, means a metal oxide having a thickness limited by the 

1 9 depth to which atmospheric oxygen may penetrate into outer layer 120 to oxide the 

20 material from which outer layer 1 20 may be formed. 

2 1 The method of forming the oxide regions 124 involves thermally treatmg the 

22 probe plimgers 114a,b by placing the probe plungers in an oxygen-containing 

23 environment such as air for a selected period of time at a selected temperature. 

24 Preferably, the temperature may be selected to prevent oxidation of one ofthe first or 

25 second metals contained in the oirter layer 1 20 and to cause oxidation ofthe remaining 

26 first or second metal contained in outer layer 120. Those of ordinary skill in the art 

27 will recognize that varying the time, temperatiire and atmospheric conditions ofthe 
? 8 thermal treatment may vary the composition of the oxide formed in regions 1 24. 
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1 As in the previous embodiment, PdCo alloy is a particularly preferred material 

2 for outer layer 1 20, and regions 1 24 preferably may be selected from any cobalt oxide 

3 and combination of cobalt oxides, including those selected from CoO, C02O3, C03O4. 

4 When PdCo alloy is used, the fliermal treatment temperature preferably may be 

5 maintained at greater than the temperature at which cobalt oxidizes and less than the 

6 temperature at which palladium oxidizes (about 380°C). In a preferred embodiment, 

7 cobalt oxide regions 124 may be formed by heating the PdCo alloy plated probe 

8 plungers in air at a temperature ranging from about 200 °C to about 250 °C for about 

9 30 minutes to about 4 hours. Such conditions may result in the formation of regions 

10 124 of CoO, C02O3, C03O4, and combinations thereof 

1 1 When PdCo is used for outer layer 120 and thermally treated at temperatures 

12 of greater than about 300°C, it has been found that when electroless nickel has been 

1 3 used for barrier layer 1 8, that the nidcel may difKise through the palladium and/or the 

14 cobalt oxide, which mf..y be desired in some instances. Th\is, when it is desired to 

1 5 maximize concentration of palladium and cobalt oxide on the exterior surface, it is 

1 6 preferable to maintain the thermal treatment temperature at less than about 300°C. 

17 Those of skill in the art will recognize that the thermal treatment condition for other 

1 8 materials may be determined through routine experimentation. 

1 9 Thus, the present method provides a probe plunger having a selected amount 

20 of the exterior surface comprising a selected concentration of cobalt oxide. 

21 Another embodiment of the disclosure is directed to an interconnect formed 

22 from a metal alloy and that includes a selected amount of cobalt oxide. In preferred 

23 . embodiments, the alloy may be PdCo. The interconnects may be formed using any 

24 method known to those of skill in tlie art including plating, evaporating, and 

25 sputtering. After formation of the intercormect, the device may be thermally treated 

26 as described above in order to for-m a selected concentration of a self-limiting oxide 

27 on the surface of the intercoimect. Such an interconnect may have the same 

28 characteristics and advantages obtained by using such a material as an outer layer on 
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1 a probe plunger, such as reduced affinity for solder and reduced formation of inter- 

2 metallics. 

3 The present disclosure will be further illustrated by ihc following examples, 

4 which are intended to be illustrative in nature and are not to be considered as limiting 

5 the scope of the disclosure. 
6 

7 WORKING EXAMPLES 
8 

9 EXAMPLE # 1 

1 0 Carbon steel plungers (manufactured by Rika Denshi Japan) were plated with 

U a barrier layer of nickel and an outer layer of a palladium cobalt alloy. Deionized (DI) 

1 2 water was used to rinse the probe plungers after each step in the process. 

1 3 The process of plating the carbon steel plungers involved preparing the surfoce 

14 of the plungers prior to plating. The surface preparation involved degreasing the 

15 plungers for about 10 minutes at about 140° F in an uitras(niic using a solution of 

16 Oakite 190 (available from ChemetallOakite Products, Inc., New Jersey), followed by 

17 electrocleaning for about 10 minutes at about 150°F in a solution of Oakite 190(also 

1 8 available from ChemetallOakite Products, Inc., New Jersey) and acid activation in a 

19 solution of TAS 3Z (available from Technic of Cranston, Rhode Island) for about 30 

20 seconds. 

2 1 After surface preparation, the nickel barrier layer was plated by performing a 

22 nickel strike for S minutes at 7 ASF using Woods Nickel solution prepared in 

23 accordance v/ith the Electroplating Engineering Handbook, 4th Ed., edited by 

24 Lawrence J. Dumey, Van Nostrand Reinhold 1984. The nickel strike was followed 

25 by electroless nickel plating for 15-25 minutes at 190" F using Technic EN 2600 

26 solution (available from Technic). 

27 After the nickel barrier layev was plated, the nickel surface was prepared for 

28 the outer layer of palladium cobalt alloy by fnst activating the surface of the nickel 

29 using a 20 percent HCL solution. This was followed by plating with PallaTech PdCo 
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1 PC2 LS (available from Enthone OMI) at about 2.5 ASF for about 5-8 minutes at 

2 about 120° F. 

3 The resulting plungers had a nickel layer ranging in thickness from about 75 

4 to about 100 micro-inches and a 75/25 PdCo alloy layer ranging in thickness from 

5 about 20 to about 30 micro-inches. 
6 

7 EXAMPLE #2 

8 Beryllium-copper plungers (manufactured by Rika Denshi Japan) were plated 

9 with a barrier layer of nickel followed by an outer layer of palladium cobalt alloy. 

10 Deionized (DI) water was used to rinse the probe plimgers after each step in the 

1 1 process. 

12 The surface of the plungers was first prepared for plating. The surface 

13 preparation involved degreasing the plungers for 10 minutes at 140° F in an ultrasonic 

14 using Technic TSC 1508-L, (available from Technics) followed by anodic and 

15 cathodic electrocleaning for 6 minutes at 150° F in Oakite 90 (ChemetallOakite 

16 Products, Inc.), and descaling widi a phosphoric/nitric/acetic acid bright dip. An acid 
J 7 activation was then performed on the probe plungers for 3-5 minutes in an ultrasonic 

18 using TAS 32 (Technic). 

1 9 After surface preparation, the nickel oarrier layer was plated by performing a 

20 nickel strike for 3 minutes at 7 ASF using Woods Nickel solution. The nickel barrier 

2 1 layer then was plated using an clectroless nickel plating solution (available under the 

22 product name Technic EN 2600 from Technic) for about 15-25 minutes at about 

23 190°F. 

24 The outer layer of PdCo was plated using the same process as in Example 1 . 

25 The resulting plungers had a nickel layer ranging in thickness from about 75 

26 . to about 100 micro-inches and a 75/25 PdCo alloy layer ranging in thickness from 

27 about 20 to about 30 micro-inches. 
28 
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1 EXAMPLE # 3 

2 Six test coupons were plated as in Example #2, followed by a thermal 

3 treatment. The test coupons were prepared from a flat sheet of an unknown copp^ 

4 alloy and cut to about l.S" x 1.0" x .042". Holes were drilled in each coupon to 

5 receive electrical contacts (copper wire). All test coupons were plated in accordance 

6 with Example #2. The thermal treatment involved heating each sample to a different 

7 temperature, as shown below in Table # 2, in air for about 2 hours in a Thermolyne 

8 1400 Furnace. The control Test Coupon was not baked. 

9 The surface of the test coupons was inspected visually before and after thermal 
10 treatment and the results are shown below in Table # 2. 

11 



12 




TABLE # 2 




13 


Test Coupon 


Thermal Treatment 


Color 


14 


Number 


Temperature (°Q 




15 


Control 


not b^ed 


white/silver 


16 


#1 


200 


white/silver 


17 


#2 


250 


straw - yellow/tan 


18 


#3 


300 


yellow/tan 


19 


#4 


350 


yellow/tan 


20 


#5 


400 


dark purple/blue 



21 



22 The results show that color may be nsed as a visual indicator of the sur&ce 

23 characteristics resulting from thermal treatment. 
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1 EXAMPLE # 4 

2 The surface of the test coupons from Example # 3 were analyzed using x-ray 

3 photoelectron spectroscopy (also know as ESCA or XPS) by Evans East testing 

4 laboratory. ESCA is sensitive to a dq)th of about 70 angstroms (0.28 flinch). 

5 TABLE #3 



0 


Test Coupon 


#1 


n 


#3 


#4 


#5- 


/ 

8 


Thermal Treatment 
Temperature ("C) 


200 


250 


300 


350 


400 


9 


Element 


Form 


Atomic Percent 


10 


Palladium 


Pd* 


20.9 


7.2 


ND 


0.2 


ND 


11 


Palladium 


PdO. 


ND 


ND 


ND 


ND 


12 


Cobalt 


Co« 


4.9 


ND 


ND 


ND 


ND 


13 


Cobalt 


Co*""' 


9.8 


7.5 


12.3 


6.5 


14 


Oxygen 




16.7 


34.8 


42.5 


45.5 


41.7 


15 


Nickel 


Ni' 


ND 


ND 


18.1 


9.3 


16.7 












16 


Cobalt 


Ni*» 


0.3 


0.1 








17 


Copper 


Cu» 


0.5 


0.4 


1.6 


0.6 


1.6 








18 


Copper 


Cu**^* 












19 


Carbon 


46.0 


41.2 


2<<.S 


30.4 


32.7 


20 


Nitrogen 


7.8 


1.2 


0.3 


0.3 


0.3 


21 


Other: Chlorine, 






Balance 




22 
















23 


Sulfur, Silicon 













24 



25 The surface analysis results show that as the temperature of the thermal 

26 treatment increases, the surface concentration of palladium decreases and the surface 

27 concentration of oxygen and nickel increases. Much of the diffused nickel remains 

28 as metallic nickel. At thermal treatment temperatures of greater than 300 °Cj the 

29 presence of palladium can no longer be detected on the exterior surface. 
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1 The increase in the oxygen content is attributable to the formation of oxides 

2 of cobalt (Co", Co*^, Co*') on the surfece. The increase in nickel concentration is due 

3 to the diffusion of nickel to the surface. 

4 The results show that at thermal treatment temperatures of less than about 

5 250''C, the outer surface includes various cobalt oxides (Co°, Co**, Co*^) and 

6 palladium, whereas at temperatures of greater than about 250 °C, the surface includes 

7 greater than about fifty (50) percent of a combination of nickel (Ni", Ni**) and cobalt 

8 oxides (Co', Co;*^^, Co*'), and palladium was not detected (ND). 
9 

10 EXAMPLE # 5 

1 1 A solder dip test was conducted on test samples to determine the extent that 

12 liquid solder adheres to various thermally treated PdCo alloy plated finishes. 

13 The test samples were copper foil pieces (1" x 2" x .0015") plated in 

14 accordance with Bxample #2. The test samples were thermally treated in the same 

1 5 manner as those described in Example #3. 

1 6 The solder dip test was conducted in accordance with MIL-STD-202 Method 

1 7 208 at Technic in Cranston, Rhode Island using a 60/40 Pb/Sn solder. The flux used 

1 8 was Superior Noi 1 00 type RA (rosin based foam flux). Each foil was cut in half and 

19 manually dipped with an insertion time of two (2) seconds, a dwell time of five (5) 

20 seconds, and a removal time of two (2) seconds at a solder temperature of about 

21 230°C. The second halfofeach foil was dipped in flux prior to the solder dip. 
22 
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1 TABLE #4 



2 
3 
4 


Test 
Coupon 
Number 


Thermid 
Treatment 
Temperature 

ro 


Coior 


Solder 

Coverage 
Without Flux 
(% coverage) 


Solder 

Coverage 
With Flux 
(% coverage) 


5 


#1 


none 


white/silver 


>90 


>99 


6 


#2 


200 


white/silver 


<5 


>99 


7 


#3 


250 


white/silver 


<5 


>99 


8 


#4 


300 


light straw* 
tan 


<1 


>60 


9 


#5 


350 


light straw- 
tan 


<1 


>80 


10 


#6 


400 


puiple-red 


<1 


<10 



11 



12 The unfluxed test sample (#1 ) that was net exposed to thermal treatment had 

1 3 good solder coverage (> 90 %). All other 'jvifluxed test samples had poor coverage 

14 (<5%). The flux improved solderability for all samples. Those samples exposed to 

15 the highest temperatures during thermal treatment had the lowest coverage. The best 

16 coverage was obtamed using flux without thermal treatment or using flux with a 

17 thermal treatment of up to about 250 °C. 

1 8 The results of the solder-dip test show that the PdCo alloy outer layer repels 

19 solder best when thermally treated at all temperatures. The samples that were 

20 thermally treated at i 300 °C showed the best resistance to solder, even when flux was 

21 used. 
22 

23 EXAMPLE #6 

24 Sixteen test samples were prepared from a flat sheet of an unknown copper 

25 alloy and cut to about 1 .5" x 1 ,0" x 0.042." Each sample was drilled to produce two 

26 holes near the top edge to insert copper wire as electrical contacts. The samples were 

27 then degreased, electrocleaned, activated, nickel strike plated, and plated with 
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1 electroless nickel (EN). Six (6) of the saiiq>les were further plated with Pd/Co (as in 

2 Example #2); and four (4) ofthe samples were furOier plated with a deposit of "hard" 

3 gold (cobalt hardened gold), and six (6) were left with EN as the outer layer. 

4 One test sample from each group was set aside as a control, and the remaining 

5 thirteen (13) samples were thermally treated as shoAvn below in the table. The thermal 

6 treatments were carried out in a llieimolyne 1400 furnace in air, with a dwell time of 

7 2 hours. 

8 The contact resistance of each test sanq}le was measured at Contech Research 

9 in accordance with ASTMB667-97, "Standard Practice for Construction and Use of 

10 a Probe for Measuring Electrical Contact Resistance." Each sample was measured 6 

1 1 times on one side; twice at 20 grams normal force, twice at 40 grams and twice at 60 

12 grams. The normal force used to measure each test sample ranged from 20-60 grams. 

13 Each sample was checked in the center and then 0.1" fiom the center at each normal 

14 force. 
15 
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TABLE #6 



2 
3 



4 
5 
6 



7 
8 



9 
10 
11 



12 
13 
14 
15 
16 
17 
18 



Composition of 
Outer Layer 


Thickness 
of Outer 
layer 
(/dnch) 


Test 
Coupon # 


Thermal 
Treatment 
lemp. 


Low Level Contact 

Resistance 
(milli-ohms) 


CO 


Avg. 


Max. 


Min. 


EN 

(mid piiospliorous 
fully bright) 


-100 


I 


Notheimal 
treatment 


o.z 


Q 0 

o.y 




2 


200 


5.7 


8.9 


3.5 


3 


250 


5.4 


8.1. 


3.5 


4 


300 


65.7 


150.2 


14.1 




350 


0 1 .U 


S /. J 




6 


400 


MUX 
1 10. 1 


100.1 


fiO 1 


Pd-Co alloy 
(About 75-85% Pd) 


20-3C 


7 


Nutheimal 
treatment 




O.J . 


1 ^ 


8 


200 


4.6 


6.7 


3.2 


9 


250 


4.4 


6.7 


3.0 


10 


300 


78.5 


175.7 


16.3 


11 


350 


53.5 


101.2 


27.9 


12 


400 


85.6 


153.3 


44.9 


Hard Gold 
(Cobalt hardened 
99.7% gold) 


30-40 


13 


No diemial 
treatment 


2.1 


2.5 


1.7 


14 


200 


2.9 


4.5 


2,0 


15 


250 


3.5 


5.6 


2.3 


16 


300 


3.1 


4.4 


2.3 



For comparison purposes, FIG. S shows the foregoing results in graph form 
(thermal treatment temperature versus low level contact resistance (Log)). 

As expected, test coupons plated with conventional EN/Au had the lowest 
contact resistance at all temperatures. Test coupons plated with EN and EN/PdCo alloy 
had similar results, showing slightly higher contact resistance overall and about a ten- 
fold increase in contact resistance at temperatures of 300°C and greater. 
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1 The results show fliat thermal treatment of up to 400 'C does not adversely 

2 affect the contact resistance of probe plungers coated as shown in the table, as all 

3 contact resistance readings were within acceptable limits. 

4 While this disclosure has been particularly shown and described with references 

5 to preferred embodiments thereof, it will be understood by those skilled in the art that 

6 various changes in form and details may be made therein without departing from the 

7 spirit and scope of the disclosure as deiined by the appended cbims. 
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CLAIMS 

What is claimed is: 



1 1. A probe plunger, comprising: 

2 a base having an exterior surface; 

3 a barrier layer overlaying an in direct contact with the exterior surface 

4 of the base; and 

5 a palladium-cobalt alloy outer layer overlaying and in direct contact 

6 with the exterior surface of the barrier layer. 

1 2. The probe plunger of claim 1 , wherein the outer layer has a thickness of less 

2 than about 200 micro-inches. 

1 3. The probe plunger of claim 1, wherein the outer layer has a thickness ranging 

2 fiom about 20 micro-inches to about 30 micro-inches. 

1 4, The probe plunger of claim 1, wherein the outer layer comprises greater than 

2 about SO pocent palladium and less than about SO percent cobalt. 

1 5. The probe plunger of claim 1, wherein the outer layer comprises about 75 

2 percent palladium and about 25 percent cobalt. 

1 . 6. The probe plunger of claim 1, wherein the palladium-cobalt alloy has a contact 

2 resistance of less than about 1 00 milli-ohms. 

1 7. The probe plunger of claim 1, who-ein the outer layer of the probe plunger 

2 fiirther comprises at least one region of an oxide of cobalt. 
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1 8. The probe plunger of claim 7, wherein the at least one region has a thickness 

2 less than the thickness of the outer layer. 

1 9. The probe plunger of claim 8, wherein the at least one region is a layer 

2 overlaying and in direct contact with the exterior surface of the outer layer. 

1 10. The probe plunger of claim 9, wherein the layer is a continuous layer. 

1 11. The probe plunger of claim 10, wherein the continuous layer surrounds the 

2 probe plunger. 

1 12. The probe plunger ofclaim 6, wherein the oxide ofcobalt is selected from the 

2 group consisting of CoO, Co^Oj C03O4, and combinations thereof 

1 13. The probe plunger of claim 6, wherein the outer laya- of the probe plunger 

2 comprises greater than about 1 0 percent oxygen. 

1 14. The probe plunger of claim 6, wherein the outer layer of the probe plimger 

2 comprises less than about S percent nickel. 

1 15. A probe plunger, comprising: 

2 a base having an exterior surface; 

3 a barrier layer overlaying and in direct contact with the exterior surface of the 

4 base; and 

5 a palladium-cobalt alloy outer layer overlaying and in direct contact with the 

6 exterior surface of the barrier layer; 

7 wherein the outer layer comprises at least one region of an oxide of cobalt. 
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1 16. The probe plunger of claim 1 5, wherein the at least one region has a tliickness 

2 less than the thickness of the outer layer. 

1 17; The probe plunger of claim 16, wherein the at least one region is a layer 

2 overlaying and in direct contact with the exterior surface of the outer layer. 

1 18. The probe plunger of claim 17, wherein the layer is a continuous layer. 

1 19. The probe plunger of claim 18, wherein the continuous layer surrounds the 

2 probe plunger. 

1 20. The probe plunger of claim 1 5, wherein the oxide of cobalt is selected jfrom the 
2. groupconsistingofCoO,Co203Co304, and combinations thereof. 

1 21. The probe plunger of claim 15, wherein the outer layer of the probe plunger 

2 comprises greater than about 10 percent oxygen. 

1 22. The probe plunger of claim IS, wherein the outer layer of the probe plunger 

2 comprises less than about 5 percent nickel. 

1 23. A probe plunger, comprising: 

2 a substantially cylindrical base having an exterior surface; 

3 a barrier layer overlaying and in direct contact with the exterior surface 

4 of the base; and 

5 an outer layer overlaying and in direct contact with the exterior surface 

6 ofthe barrier layer; 

7 wherein the outer layer is an alloy of a first metal and a second metal, 

8 the first metal being selected &om the group consisting of palladium, platinum, 

9 rhodium, silver, nickel, and combinations and alloys thereof; and the second 
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1 0 metal being selected from the group consisting of cobalt, nickel, phosphorus, 

1 1 and combinations and alloys thereof. 

1 24. The probe plunger of claim 23, wherein the first metal is palladium and the 

2 second metal is cobalt. 

1 25. The probe plunger of claim 23, wherein the first metal is palladium and the 

2 second metal is nickel. 

1 26. The probe plunger ofclaim 23, wherein the first metal is nickel and the second 

2 metal is phosphoms. 

1 27. The test probe of claim 24, wherein the outer layeir comprises at least one 

2 regionof an oxide of cobalt. 

1 28. The test probe of claim 25, wherein the outer layer comprises at least one 

2 regionof an oxide of nickel. 

1 29. The test probe of claim 26, wherein the outer layer comprises at least one 

2 region of an oxide of nickel. 
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FIG. 3 



ISDOOID: <WO____03027e89A1J_> 



wo 03/027689 



2/3 



PCT/US02/30237 




FIG. 4 
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